Corps of Engineers is currently investigating the feasibility of using dredged sediment from the Petaluma River across-the-flats navigation channel and the Oakland Harbor Deepening Project to raise the elevation of this former diked tideland to historic tidal marsh elevation and thus reestablish lost wetland habitat in San Francisco Bay. If this project is successful, it will provide a beneficial use of dredged sediments from other parts of the bay, expand the feeding and nesting areas for waterfowl along the Pacific flyway, and provide habitat for several endangered species such as the salt marsh harvest mouse and the California clapper rail
To assist in this important project, the U. S. Geological Survey has begun an investigation on the occurrence and fate of organic contaminants in sediments at the Sonoma site and the adjacent marshlands. This geochemical study will provide base-line contaminant concentrations of fill material at the site and on soils from the adjacent farms and marshlands. This study enables a geochemical comparison of these sediments. A limited contaminant data base exists for the fill material prior to emplacement at the site (U. S. Army Corps of Engineers, 1994) , but no contaminant data exist for these sediments after the fill was in place and the site was raised to historic tidal marsh elevation and opened to tidal action in 1996. A report in progress, will provide these data.
During site excavation, and prior to emplacement of fill material, these agricultural soils, formerly used for oat hay farming, were bulldozed and numerous peninsulas were constructed from soils at the site. This report provides organic geochemical data for soils from these peninsulas. In addition, this report also provides comparative data on agricultural soils from two adjacent hayfield properties, the Leonard Ranch and North Point properties.
Purpose and Scope
The purpose of this study is to report base-line organic contaminant data on peninsula soils of the Sonoma Baylands Wetland Demonstration Project site and two adjacent pieces of agricultural land, the North Point Properties and the Leonard Ranch, both of which were used in the past for oat hay farming and which are now classified as seasonal wetlands.
Study Area
The Sonoma Baylands Wetland Demonstration Project site is a 348 acre parcel of diked former tidelands located on the northwestern shoreline of San Pablo Bay near the mouth of the Petaluma River. The site is 11 miles south of the city of Petaluma and 4 miles east of the city of Novato ( fig. 1 ). The site was used in the past for oat hay farming.
This tide land restoration project consists of a 39 acre western Pilot unit and a 309 acre eastern Main unit; these units are divided by an interior levee ( fig. 2 ). Within each unit a series of low interior berms or peninsulas was constructed with former farmland soils.
The function of these peninsulas is to provide tidal deflection and facilitate sediment deposition by breaking up long lengths of wave-fetches once the site is opened to tidal action. The site is bounded on the north by the Northwestern Pacific Railroad and the Leonard Ranch, on the west by a diked wetland parcel, on the east by North Point Property hayfields, and on the south by a tidal marsh that is mostly within the San Pablo Bay Wildlife Refuge. In 1994, the Pilot unit was filled with about 264,000 cubic yards of maintenance-dredged material from the Petaluma River across-the-flats navigation channel After a period of settling and compaction of sediments, the Pilot unit was exposed to tidal action in January 1995 by breaching an existing bay-front levee. The eastern Main unit was similarly filled with about 2.5 million cubic yards of dredged sediment from the Oakland Harbor Deepening Project. After a period of settling and compaction of sediment, this unit was exposed to tidal action in October 1996. The purpose of the fill material is to partially restore the ground elevation to historic tidal marsh elevation. It is anticipated that the use of dredged material would accelerate the Geological Survey, is gratefully acknowledged.
METHODS

Sample Collection
Sampling sites were located using a Global Positioning Satellite receiver with positions good to within ± 100 meters (table 1). Sampling locations of the soil cores are shown in fig. 2 . Two soil cores were collected from peninsulas in the Pilot site (PP-1, PP-2), and three soil cores were collected from peninsulas in the Main site . In addition, two soil cores were collected from the North Point Property hay field (NPF-1, NPF-2), and two soil cores were collected from the Leonard Ranch hay field (LRF-1, LRF-2). Soil cores were collected with a slide-hammer coring device equipped with a pre-cleaned cellulose acetate butyrate liner. The upper -25-35 cm section of each core was used for analysis. The soils were air-dried in pre-cleaned and baked (450 °C) aluminum pans. Samples were ground in a pre-cleaned mortar with a pestle until they passed a #32 stainless steel mesh screen, mixed thoroughly, and stored in a freezer in pre-cleaned and baked glass jars provided with Teflon lined screw caps.
All sampling equipment was washed with soap and water, distilled water, and rinsed with acetone or methanol prior to sampling. 
Sample Preparation and Analysis
About lOg of dry soil was weighed into the Teflon vessel of a MES-1000 microwave extraction system (CEM Corporation, North Carolina). The sample was spiked with deuterium labeled standards (d8-naphthalene, dlO-acenaphthene, dlO- Mass Selective Detector GC-MS system. For the alkane analysis, the gas chromatograph was maintained at 90° C for 2 minutes and programmed at 5° C/min to 315° C. For the biomarker analysis, the gas chromatograph was maintained at 150° C for 0.5 minutes and programmed at 30° C/minute to 200° C, followed by a program rate of 1° C/minute to Upper limit-* Amount present is not greater than 0.15pg/g.
RESULTS AND DISCUSSION
The target contaminants for this investigation included alkanes (aliphatic hydrocarbons), hydrocarbon biomarkers (tri-and pentacyclic terpanes and steranes), polycyclic aromatic hydrocarbons (PAHs), and chlorinated pesticides (DDT and it's degradates DDD and DDE), cis and trans chlordane, trans nonachlor, and dieldrin.
Alkanes (aliphatic hydrocarbons)
Distributions of alkanes in soil cores from peninsulas in the Pilot and Main sites, and agricultural soils from the Leonard Ranch and the North Point Properties are shown in fig. 3 . Concentrations of alkanes at these sites are shown in tables 3-6. Apart from differences in concentrations, the chromatograms of alkanes in figure 3 from the peninsulas and adjacent agricultural fields are all similar, showing bimodal distributions.
The first mode is dominated by n-Ci6 and n-Cn , indicative of recent algal (Gelpi and others, 1970) or biogenic inputs. The second mode is dominated by n-C29 and n-Csi with a strong odd carbon number predominance. This pattern of compound distribution is indicative of inputs of higher plant waxes from terrigenous vascular plants (Eglinton and Hamilton, 1967) . These chromatograms are different from those of the fill material at the Sonoma Baylands site (Pereira and others, unpublished data). The peninsula and agricultural field soil chromatograms from this study are unique in that they contain the first alkane mode, whereas the alkane distributions in chromatograms of fill-material 
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igure 3. Total ion chromatograms of alkanes in peninsula soils from the Sonoma Baylands and soils from adjacent agricultural lands. Compound n-Ci3 n-Ci4 n-Cis n-Ci6 n-Cn Pristane n-Cig Phytane n-Ci9 n-C2o n-C2i n-C22 n-C23 n-C24 n-C25 n-C26 n-C27 n-C2g n-C29 n-C3o n-C3i n-C32 n-C33 n-C34 n-C35 n-C36 Compound n-Ci4 n-Ci5 n-Ci6 n-Cn Pristane n-C18 Phytane n-Ci9 n-C2o n-C2i Compound n-C13 n-Ci4 n-C15 n-Ci6 n-C17 Pristane n-C18 Phytane n-Ci9 n-C2o n-C2i n-C22 n-C23 n-C24 n-C25 n-C26 n-C27 n-C2g n-C29 n-Cao n-C3i n-Ca2 n-C33 n-C34 n-C35 n-C36 Table 6 . Concentations of aliphatic hydrocarbons in agricultural soils from the North Point Properties (ng/g).
Compound
n-Ci4 n-Ci5 n-Ci6 n-Cn Pristane n-Cig Phytane n-Ci9 n-C2o n-C2i n-C22 n-C23 n-C24 n-C25 n-C26 n-C27 n-C2g n-C29 n-C3o n-C3i n-C32 n-C33 n-C34 n-C35 n-C36 Biomarker Hydrocarbons (tri-and pentacvclic triterpanes and steranes)
Tri-and pentacyclic triterpanes or hopanes (m/z 191) and steranes (m/z 217) were examined in soil cores from the Peninsula and Main sites, the Leonard Ranch, and North Point Properties. Hopanes and steranes evolve from biogenic molecules whose carbon skeletons remain intact through processes of diagenesis and thermal maturation. Thus, they serve as molecular tracers that are useful for correlation of oils with each other and with their proposed source rocks, and for the assessment of thermal maturity (Mackenzie, 1984) . The biomarker ratios may indicate petrogenic contamination at this study site. (Lunde and Bjorseth, 1977; LaFlamme and others, 1978) ; c) urban runoff containing PAHs derived from abrasion of street asphalt and automobile tires and vehicular emissions (Wakeham and others, 1980) ; and d) spillage of petroleum and its refined products containing complex assemblages of PAHs (Boehm and others, 1991) . Natural sources include a) forest or prairie fires (Blumer and Youngblood, 1975) ; b) natural petroleum seeps; and c) post-depositional transformations of biogenic precursors over relatively short time frames (Wakeham and others, 1980) . (Long and others, 1988) .
opCsi S/(S+R), 17o(H),21p(H)-homohopane(22S)/17a(H),21p(H)-homohopane(22S>f(22R). Dipl./opC30,17p(H),21p(H)-hop-22(29)-eno/17cx(H),21p(H)-hopane C29 S/(S+R), 24-ethyl-5o(H),14a(H),17a(H)-cholestane (20S)/24-ethyl-5o(H),14a(H),17a(H)-cholestane (20S)+(20R
Concentrations of PAHs in
The potential for toxic effects of PAHs in these soils were evaluated using the criteria of Long and Morgan (1990) , and Long and Markel, (1992) . The Effects RangeLow (ER-L) value is the concentration above which adverse biological effects may be expected 10 percent of the time. The Effects Range Median (ER-M) value is the concentration above which adverse effects may be expected 50 percent of the time. The ER-L values of PAHs at all the sites investigated are well below the established ER-L limit of 4,022 ppb (ng/g) for total PAHs in sediments. Therefore, the potential for toxic effects from PAHs adsorbed to soils at all these study sites is relatively low.
Chlorinated pesticides
Low concentrations of first generation chlorinated pesticides were found in soil from the peninsulas of the Main and Pilot sites, the Leonard Ranch, and North Point Properties. Concentrations of the chlorinated pesticides are shown in tables 8-11. These concentrations are within the range of concentrations of total DDT in sediments of San Francisco Bay (Long and others, 1988) . Chlorinated pesticides probably were applied on these agricultural lands as insecticides prior to the banning of DDT in 1972. Surprisingly, ratios of DDE/DDT were less than 1.0, indicating that DDT in these soils has not undegone extensive aerobic degradation to DDE, as is common with DDT treated western agricultural soils that have been subjected to long-term weathering, resulting in ratios of DDE/DDT greater than 1.0 (Hitch and Day, 1992) . Concentrations of total DDT in soils from the North Point Properties were greater relative to all other sites in this study. Dieldrin was not detected in any of these soils, and concentrations of total chlordane were 0.2 ppb (ng/g) or lower.
The potential for toxic effects of these DDT contaminated soils were examined using the criteria of Long and Morgan (1990) , and Long and Markel (1992) . The Effects Range-Low (ER-L) value for total DDT is 3.0 ppb (ng/g), and the Effects Range-Median (ER-M) value is 350 ppb (ng/g). Except for the North Point Properties soil, the potential for toxic effects of DDT to biota exposed to these soils, would be low. Dilution with existing fill material at the site would lower even further any potential for toxicity. Even though the total DDT concentration of 9.7 and 9.5 ng/g at the North Point Properties site is greater than the ER-L value for DDT, the value is still closer to the ER-L value than the ER-M value. Determination of the bioavailability and toxicity of sediment associated contaminants to biota requires that other factors be considered such as grain size, porosity, and organic carbon.
CONCLUSIONS
The results of this geochemical study of soils from the peninsulas in the So no ma Baylands Wetland Demonstration Project site and from the adjacent hayflelds at Leonard Ranch and North Point Properties, which are seasonal wetlands, clearly show that these soils are contaminated with low levels of PAHs and chlorinated pesticides. However, the potential for toxic effects from these soils, should they ever contaminate the site, would be very low. It is important to understand the baseline contaminant concentration of the underlying soil and neighboring land parcels with like characteristics, and of the dredged fill material, in evaluating the feasibility of using dredge spoils to restore historic tidelands in San Francisco Bay.
